In this article we consider the task of developing batteries for electric vehicles, and we use a tool that incorporates a real option model and Monte Carlo simulation in order to define the best strategy for managing it. We assume that different levels of resources can be used to undertake the task, leading to different average advancement speeds and different costs, and that the level of resources being used may be changed according to the way the task is developing. We present a procedure that aims at identifying the strategies that maximize the net present value of the task. The approach is used in several different scenarios, in order to define some general rules that can help managers have an idea of the resources that may be available in the future, without endangering the maximization of the net present value of the crucial tasks.
Introduction
Public opinion has been increasingly concerned with the harmful effects of carbon dioxide gas on the environment. Such concerns extend to several different industries and technologies that resort to fossil fuels, like the automotive industry. So, automobile manufacturers have been trying to develop vehicles based on cleaner energies, which have a lesser impact on the environment. Electric Vehicles (EVs) are such an alternative to fossil fuel powered cars.
To improve the autonomy of EVs and increase the demand for such vehicles, the development of efficient batteries is crucial. The batteries are so important to the EVs that the evolution of these vehicles seems to have been driven by the developments achieved in the batteries (Magalhães, 2013) .
In this work, we propose to use EV battery development as an application case for a financial valuation tool based on real options. We assume that the development of batteries is a uniform task, in the sense that it can be split into portions with identical characteristics, and that it is integrated into a major project consisting of developing a new EV.
Such a task is subject to uncertainty, due to technical difficulties, market uncertainty and competitor actions, among others. Additionally, it is important to adapt the plan of action whenever unexpected events occur.
We assume that several different modes may be used to undertake this task, corresponding to the usage of different resources (e.g., different development teams), and leading to different costs and execution speeds.
Managers have to decide which resources should be used to start the battery development, and in which circumstances it would be better to change the allocated resources. Each different combination of resources that can be used in the development process will be hereafter referred to as a "level of resources", and it is characterized by a cost per unit of time and a stochastic speed of task advancement.
The tool we use in this article is based on real options theory and allows the definition of a resource allocation strategy. We define a strategy as a set of rules that determine which level of resources shall be chosen, at
